Abstract. This paper proposes a physical model of pressure compensation with accumulator based on the simulation research. The best accumulator can be chosen quickly and reasonably for different sampling systems. The mathematical model about the final pressure of the accumulator is established. The accumulator models with different nominal volumes are analyzed in variety pre-charged pressures. The simulation results of the system show that: When the nominal capacity of accumulator is 1.6L and the pre-charged pressure is 25MPa, the system can meet the design requirements of 310mL sampling vessel, and the structure of the sampling system can reach the optimal state.
Introduction
The deep-sea microbes have strict requirements on the living environment [1] . Because the ordinary sampler volume is limited, it is difficult to maintain the in-situ pressure [2] . Due to the shortage of ordinary sampler, a new sampling technique with function of concentrated sampling and holding the in-situ pressure is needed. It will increase the number of microbes and keep characteristic of the microbes in in-situ pressure [3] .
The United States and other developed countries have carried out the study on pressure compensation technique, and the microbe of depth 4000m has been obtained [4, 5] . Our country is lagging behind other countries. Under the support of the National 863 program, the device for holding pressure was developed. The device is limited to sampling in holding pressure, which is not suitable for a large number of sampling for microbes [6, 7] . Through investigation we found that there are still many deficiencies existed in current sampling technology.
Accumulator is one of the most important components in the holding pressure sampling system. In this paper, a simulation study method for accumulator is used to study the actual opening pressure, the relationship between pre-charged pressure and the ability of pressure-retaining, the relationship between the pre-charged pressure and the minimum working volume, the relationship between nominal volume and the ability of pressure-retaining, which provides a theoretical guidance for the practical design. Fig. 1 The changing process of gas pressure in accumulator.
Study on the Final Pressure Model of Sample
Set that the accumulator is cylindrical. Where, r x is the inner diameter, R x is the outer diameter, h x is the height, E x and μ x is Elastic Modulus and Poisson's Ratio. Set that the sampling vessel is cylindrical. r t is the inner diameter, R t is the outer diameter, height is h t , Elastic Modulus and Poisson's Ratio is E t and μ t . The process of decentralization and recovery is slow, and the water in the surrounding is cold. It can be considered that the gas in the whole sampling process is in isothermal variation.
From the state ① to the state ②, the gas in the accumulator is compressed, which leads to the opening pressure of the accumulator increased. The equation of the gas state is as follows:
△ r x1 and △ h x1 are the radial displacement and the axial displacement of the cylinder of accumulator. Because △ r x1 and △ h x1 are very small, the quadratic term can be ignored.
Let be:
The radial displacement and the axial displacement of the accumulator are as follows:
By formula (1) - (3), we can get the opening pressure of accumulator is as follows:
From the state ③ to the state ④, the sampling vessel is in the process of recovery. The pressure of the sampling vessel will be compensated at the same time:
△ V x4 is the volume deformation of the accumulator, △ V t4 is the volume deformation of the sampling vessel.
Volume deformation of the sampling vessel is:
Volume deformation of the accumulator is:
By formula (7) - (14), we can get the final gas pressure of the accumulator:
The accumulator and the sampling vessel must meet the following conditions: (1) After the recovery of the sampling vessel, the gas pressure of the accumulator is greater than the pre-charged pressure; (2) The volume of gas in the accumulator is smaller than the pre-charged gas volume; (3) The sample pressure in the sampling vessel is equal to the gas pressure in the accumulator.
Advances in Engineering Research, volume 93

The Simulation Study on the Pressure-Retaining Capacity of Accumulator
The MATLAB simulation program was used to study the opening pressure of the accumulator, the pre-charged pressure of accumulator, the volume of accumulator, the relationship between the working volume and the holding pressure effect of the accumulator. The parameters used in the simulation research are shown in Table 1 . 
Pa
The Simulation Analysis of the Actual Opening Pressure of Accumulator. Fig. 2 indicates the relationship between the pre-charged pressure and the increase quantity of the actual opening pressure of accumulator in various nominal volumes. With the pre-charged pressure increasing, the actual opening pressure increases faster and the trend of growth is gradually enhanced. Compared with the maximum nominal volume of accumulator, the pre-charged pressure of the minimum nominal volume accumulator is in the range of 20MPa to 50MPa. The increase quantity of △p is only 0-5000Pa, but the wall thickness of the accumulator increases from 20mm to 40mm. There is a large increase on the weight of the accumulator. The Relationship between the Pre-Charged Pressure of Accumulator and the Final Pressure of Sample. Fig. 3 reflects the relationship between the pre-charged pressure of accumulator and the final pressure of the sampling vessel. When the pre-charged pressure of accumulator increases, the final pressure of the sampling vessel increases slowly, but the increasing trend is gradually weakened. Fig. 2 The relationship between the pre-charged pressure and the increase quantity of the actual opening pressure of accumulator in various nominal volumes. Fig. 3 The relationship between the pre-charged pressure and the final pressure of the sampling vessel.
Under the same pre-charged pressure, the final pressure of the sampling vessel increases with the increases of the nominal volume of the accumulator, but the increasing trend is gradually reduced. The wall thickness of the accumulator increases greatly. On the contrary, the pressure of accumulator doesn't increase obviously. The Relationship between the Pre-Charged Pressure and the Minimum Working Volume of the Accumulator. Fig. 4 is the relationship between the pre-charged pressure and the volume of peltry. When the pre-charged pressure of accumulator is low, the gas in the peltry is massively compressed. Under the same pre-charged pressure, the curve's slope increases gradually with the increase of the nominal volume, this shows that the accumulator with a larger volume is easily affected by the pre-charged pressure. The accumulator is easier to go to the critical point of 25%.
In the process of pressure compensation, the volume of peltry doesn't increase obviously. When the nominal volume of peltry becomes bigger, the volume of peltry changes faster. It shows that the larger the nominal volume of accumulator is, the more sensitive the accumulator to the change of pressure, the more unstable the performance of the accumulator. Fig. 4 The relationship between the pre-charged pressure and the volume of peltry. The Relationship between Nominal Volume and Final Pressure of Accumulator. When the pre-charged pressure increases from 20MPa to 50MPa, the relationship between nominal volume and the final pressure of accumulator is shown in Fig. 6 . With the increase of the pre-charged pressure, the sampling points become more and more intensive, which shows that the final pressure doesn't increase synchronously with the pre-charged pressure. Fig. 6 The relationship between nominal volume and final pressure of accumulator. Fig. 7 The relationship between nominal volume and final pressure when the pre-charged pressure is 25MPa.
With the increase of nominal volume of accumulator, the final pressure also increase, but the increase maximum is limited. Take the pre-charged pressure of 25 MPa as an example, as shown in Fig. 7 . When the nominal volume of the accumulator is less than 2L, increasing the nominal volume of the accumulator can increase the final pressure of the accumulator significantly. When the nominal volume of accumulator is greater than 2L, the final pressure of the accumulator is not obvious. The sampling vessel of this paper is 310mL. When the nominal volume of accumulator is below 2L, the highest utilization rate can be obtained. The accumulator with nominal volume 1.6L is selected as the pressure compensator, which can make the pre-charged pressure up to 25MPa.
Experiment
Materials. The accumulator with 316L Stainless Steel is cylindrical. Where, r x is the inner diameter, R x is the outer diameter, h x is the height, E x and μ x is Elastic Modulus and Poisson's Ratio. The sampling vessel with 316L Stainless Steel is cylindrical. r t is the inner diameter, R t is the outer diameter, height is h t , Elastic Modulus and Poisson's Ratio is E t and μ t . and the all parameter values were shown in Table 1 . 
Summary and Conclusion
1. On the condition of ensuring the opening pressure stability, the wall thickness of the accumulator increases fast along with the increase of the nominal volume and pre-charged pressure. The weight of the accumulator increases in a great extent.
2. When the pre-charged pressure of accumulator increases, the final pressure of the sampling vessel increases slowly and the increasing trend is gradually weakened. It is difficult to obtain a large pre-charged pressure by using ordinary filling devices. Therefore, there is no need to use large accumulator with high pre-charged pressure.
3. In the same pre-charged pressure, the increase of the final pressure of the sampling vessel is not along with the increase of the nominal volume. When the nominal volume of the accumulator is selected appropriately, the pressure requirements of system can be satisfied and the service life of the accumulator can be prolonged.
4. Through the study of this paper, when the nominal volume of the sampling vessel is set as 310mL, the normal volume of accumulator is 1.6L and pre-charged pressure of the pressure compensator is 25MPa, the sampling system will get a best performance.
